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Fig. 1 Experimental arrangement for measurement
of optogalvanic spectroscopy of “**Tml

. 1—hollow ¢athode discharge lamp(HCD), 2—Ilens, 3
— chopper, 4,5 — beamsplitter , 6 — wavelength meter,
7— Art laser 8 —dye, laser, 9— Febry-Perot etalon,
10— X-Y recorder, 11— lock-in amplifer, 12 —~HCD
power supply
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Fig. 2 Experimental arrangment for measurement of
high excited levels of '*TmI '

1 — HCD, 2 -—lens, 3, 4, 5, 6 — beam splitter, 7 —
wavelength meter, 8 — controller 9 — dye laser 2, 10—
Ar*t laser 2, 11, 12 — Febry- Perot etalon, 13 — X-Y
recorder, 14 — lock- in amplifier, 15 — chopper, 16 —
monochtonmeter, 17— Ar+ laser 1, 18 —dye laser 1, 19

—scanning interferometer, 20-—-HCD power supply

Fig. 3 A typical HFS pattern for the two- photon
excited of **Tml

0 cm~'—>16957. 01 cm~'->34365. 63 cm™!
Frequency of the first laser was changed by — 400
MHz/step around 589. 563 nm and scanning that of
the second laser at every step through the HFS
components of 574. 272 nm . A, =470. 546 nm
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Fig. 4 Typical optogalvanic spectra of Fig. 5 A comparison of optogalvanic spectra and
$Tml A,=576. 021 nm ’ fiuorescence spectra of '**Tml

{a) optogalvanic spectra, i, = 567. 584 nm (b) fluorescence
spectra Ay=>576. 429 nm
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Table 1 Transition level and its A constant of Tm

-

A A A
wavelength low level up level
configuration J (MHz) configuration J {MHz) (MHz)
(nm) (em—1) (em—!
(other work) ref (other work) ref (this work)

565. 183 4f125d3rzbs2 | 15271.00 |7.5] —345.10(25) + 4f125d6s6p 32950.10 |6.5| —654.83(43) » |—657.00%0.65

~704.76+0.39 # —908.42+0.30 #
565. 830 4513652 8771.24 |2.5| —704.8+0.10 @ 4113636 p 26439. 49 |3.5( —909.02+0.3 @ |—904.9811.00
~0.706.004.5) § | . —908.3(1. 1) §
) —629. 2540, 08%
567, 584 4f13652 0 3.5 —374. 137661(3)& 4f136s6p 17613.66 |4.5| —629.44+0.9% [-630.52+0.60
—628.2(0.4) @
568. 359 1f125d5/2652 | 16456. 91 [8. 5| —308.82(21) = 4f12546s6p | 34046.54 [7.5| —513.08(40) % [-512.54+0.50
571. 519 4f125d5/26s2 | 18837.38 [4.5| —422.7+0.9% 4f125d6s6p | 363298.79 (5.5 - —71.2240.10
571. 579 4f125d3/2652 | 15271. 00 |7.5] —345.10(25) # 4f125d656p | 32761.54 8.5 —421.12(95) » |—420.5040.20
571. 711 4f125ds5/26s2 | 18693.07 |7, 5| —323.81(33) * 4f12546s6p | 36179.60 [7.5 ——— —436. 03+ 0. 50
8§74, 270 4£125d5/26s2 | 16957. 01 13,5] —491.45(7) = 4f12546s6p | 34365.63 (3.5 - —~318.37+0.35
575. 802 4125432652 | 15537. 81 ]5.5 —390. 38(31) » 4f125s6s6p | 32950.10 |6.5| —654.83(43) « |—657.00£0.65
] —1160.39+0. 408 | —1161. 47+
576. 020 4£13632 8771.24 |2.5] —704.8=0.10@ 4f136s6p 26126.91 {2.5
—1185 § 1. 20
—235.6940.21%
579. 671 4113656 17752.63 |2.5] —235.5+1.5% 4f135d6s 34998.01 [1.5 - — 865. 24+ 0. 90
—235.5(i0)@ |
581. 646 Af125d5/2652 | 16456.91 |8.5| —308.82(21) « 4f125d6s6p | 33644.74 9.5 - — 482, 644 0. 50
588. 980 4£186a2 8771.24 (2.5 —704.8+0. 10@ 4f1%6s6p 25745.12 (2.5 —540 § ~439.38+1.00
—491.50%0.09%
580. 563 4f136s2 0 3.5 —374.1376618 4f125d5/2652 | 16957. 01 |3. 5| —492.3+2.7@ |—491.55+0.10
—451101. )@
580. 157 4f125d5/2hs2 | 18693.07 (7.5 —323.81(¢33)+ 41254656 | 35633.01 (8,5 ~-510.32(36) » |-518.67+0.55
1
—461 $
952. 086 413652 R771.Z4 [2.5] —T704.8+0.10@ 4f136s6p 25656.02 [2.5 —464. 00+ 1. 00
: —410. 7LD @ | -
593. 489 4512505262 | 18837.38 [4.5] —422.742.9% 4§12546s6p | 35662.25 |3.5 N -152. 00+ 0. 20
593. 590 4f125d3/2652 | 15271, 00 [7.5] —345.10¢25) = 4f125d6s6p | 32112.98 |7.5| —137.26(22) % |—138.09%0.20
- 736.01+0.30%
597. 126 451362 0 3.5] —374.1376618 451%6s6p 16742.24 |3.5 —~738 3 - 735, 40+ 0. 20
- 736, 6(10) @
598. 174 4f125d5/265° | 19466.66 |6.5| --342.76(34) » 4f1254656p | 36179.60 |7.5 - —436.031+0.50
602. 544 4f125d3/2642 | 17454.82 6.5 —365.83(562) » 45125d6s6p | 34046.54 [7.5] —513.08(40) » |—512.5440.50

wref[10], #ret[8], @ref[9], § ref[d3,& ref[11]

Z R 2 FERE R, R D@ FREILREMIBIE 4 oV BHES BR BRI B
. e RAERME 3 R EHENABKRTR 0 cm™'—=16957. 01 cm~'—34365. 63
em ™! MBI I K K 470. 546 nm. [ AT AT B LR R BLAE AT Y T 1 B MOL 88 A9 MR R AR 400
MHz HRIEX LW ABRRAR 4 MBHASHIBRTH 2RI B RE 2P BERER
P 98 ALB AR U1, BEFT T RERAY A 28, ATARB B RR 5 m A KA. M
3 & AR MR b R R 5 o TG WOAR 1 A9 SN 20 BT o, [ T 3RS b — R
B H 2 B, FSUR I R TE O 90 MHz. [7] BY i i B = AN FE 89 W R, I HAEAR R L&Y
frEAZ, KIFEE SR H TERF 16957. 01 cm™' BER A H AR, £ 1400 ns'™), H M FT
TEML AR 43 B A (R 46, LUK R o TR AT R Bt A IR B 700°C 47, I EAT R
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Fig. 6 Optogalvanic spectra and doppler-free spectra of '**Tml
(a) optogalvanic spectra A, =589, 563 nm (b) Dcppler-free spectra h,=3;=589. 563 nm
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VA ) — R 4 45 RE 4R b ) R T BOAE RE R A B [ AR BR A L E T RE R B IR T RA E
T XA 2 SROLSES ZRIEREAF R, W42 S —BORRER N R B RER
[E ) A A 25 4
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Table 2 Transition wavelength and levels of two color two photon of '**Tml
hp="589. 563 (nm) [0(3.5)—+16957. 01 em~' (3.5)]

Wavelength of second Levels of second : Wavelength of Low levels of
excited laser excited Configuration J fluorescence fluorescence transition Configuration | J
(nm) (em—1) (nm) {em—1)
571. 244 34457. 85 4f125d6s6p (4.5 640. 673 18853. 82 4f12545/2682 |5. 5
574.272 34365. 63 4f1254656p (3.5 470. 545 13119. 61 41254372652 4.5
579. 984 34194. 09 4f125¢6s6p |2.5 572,900 16742. 24 4f136s6p 3.5
587. 933 33961. 04 4 f136sT s 3.5 661. 034 18837. 38 45125d5/2652 14.5

380 A A, 1) A5 B 75 A 1 AR R A BOETE R B IRET B TR B ZRMREK A
# ho T BAIE MR RRMBEAEWERRBEREUTEBIE
v = (1 — W/A) Ay
R ao BHESIS - WMABEREATFREINSEHARE ETULEBESSE, 3}?1%1‘5
WA BT IR BERBCOE A58 MR BB A B3 RAEABERLE 3, F""ﬁﬁﬁﬁﬁtﬂ@
JRHE R ER RS BA L.

Table 3 Hyperfine structure constants of high level of '*Tml

Configuration J Level (em™! | A constant (MHz)
41%6s7s 7/2 33961. 044 —313.0£1.0
4f'5d6s6p 5/2 34194. 09 —197.7+1.0
4125263567 7/2 34365.63 —278.1+3.0
4f'%5d6s6p 9/2 34457. 853 —416.0+5. 2

M‘ﬁ*&%ﬁﬁﬁ 6G B3 X 7 B P9 (560~610 nm) , T2 T 42 J7 F#9 W& IOEFRERIL IR
%2k, Bt AT RSN ER AN UHBUE 4B - MAEREYER ANERAFRK
MR, AR TH S ME.

EHEMELRBELEMN AT STARFL FHF 8.



678 ST I S 13 %

& F X M

(1] G.J. Ritter, Ground-state hypetfine structure and nuclear magnetic of thulium-169. Phys. Rev. ,1962,128(5),
2238

[2] Y. Bordor, P. Vetter, J. Blaise, J. Pkys(paris) ,1963,24,1107

B]1 J. Kuhl, Hyperfeinstruktuntersuchungen mit einem spharischen Fabry- Perat- Interfermeter mit internem
absorptionsatomstrahl im Tml und Eul specktrum. Z. Physik ,1971,242.66

[4] H. W. Brandt, P. Camus, Recent hyperfine structure investigation in the configurations 4f%6s%, 4f"*6s6p, and
4f'25d6s* of Tml. Z. Physik ,1977,A283,309

[5] E. Handrich, A.Steudel, R. Wallenstein ef al . ,  J. Phys. Radium ,1969,30,C1~18

[6] R. Wallerstein, Levelcrossing experimente im Tml-Spektrum. Z. Physik ,1972,251 .57 .

(7] Ase, RN, BEFR S, FAIOCEES OB P2 8 T 0 BN A4 . % 4 9K,1992,12
(3).242 .

[8] K. A. H. Van Leeuwn, E.R. Elliel, W. Hogervorst, High resolution meaurements of the hyperfine structure in 10
levels of Tml. Phys. Letters ,1980,78A(1):54 '

(9] W. J. Childs, H. Crosswhite, L. S. Giidman et al . , Hyperfine structure of 4 6s? configurations in 16*Th, 181:153
Dy, and "*Tm. J. Opt. Soc. Am. (B) ,1984,1(1):22

[10] V. Pfeufer, Hyperfine structure investigations in the configuration 4f'25d6s2 of TmlI by laser- atomic beam

spectroscopy. Z. Physik(A)-Atoms and Nucle: ,1985,321.83
[11] P. Dyer, J. A. Bounds, Laser spectroscopy of *Tm. Phys. Rev(C), 1988,38(6),2813

Measurement of hyperfine structure constant of high excited levels in '*°Tml
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Abstract

With a Tm-Kr hollow cathode discharge (HCD) lamp, we measured 21 transition
lines of '""Tml by optogalvanic spectroscopy and determined the hyperfine structure
constants of the upper levels, among them, seven are firstly reported to our knowledge.
With the same HCD, the hyperfine structure constants of four excited levels are
measured. by two-color resonance.
Key words Tm hollow cathode discharge lamp, series resonance of two color,

hyperfine structure





